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Necessity of Tetra-stratified BSI

1Mfps ISIS with FSI (Front Side lllumination) at 2001
ISIS: In-situ storage image sensor

Large light shield on CCD memories—> Low fill factor of 15%

ﬂ High sensitivity

BSI = Fill factor nearly 100% - 16Mfps at 2011

Intrusion of some incident light

Front side memor .
V= { Migration of photoelectrons

ﬂ Best solution

Tetra-s'fr?tified (pnpn) Thickl I?ver BSI

Prevents Prevents

~~ ~~

Migration of photoelectrons

Intrusion of some incident light




Concentration (cm -3)

1016 -

1015

1014

1013

12
10

o

SEIEEEESEIEEEL P* Substrate
‘ | =2l (removed)

10 20 30 um

Starting Material for Tetra-stratified BSI “Double-epi Wafer”
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Examples of Ultra High Speed Imaging



Bullet shot by I1SIS-V2 (500kfps, 86kpixels)

*By courtesy of Prof. Kleine
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Thunderbolt (experiment) shot by ISIS-V4
(1Mfps, 300kpixel, Color) *By courtesy of NHK




\

Laser chopper (6,000rpm) shot by
ISIS-V16 (165kpixel BSI)



Ultimate High Speed Imaging

General imaging By using analog memories directly connected
to pixels, current high speed imaging has

(1) Charge collection process: | | been done without the signal readout process.
So it consists of (1) charge collection process

and (2) charge transfer process.

It requires a short time.

U ]

(2) Charge transfer process:

_ _ _ If the imaging can be done only by
It requires a little short time. the charge collection process, the ultimate
ﬂ high speed imaging will be achieved!!
(3) Signal readout process: @ Solution (Proposed)
It requires a long time. :
d J New architecture of

In-pixel multi-collection gates
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Key technologies

(1) Numbers of collection electrodes

are in a pixel.

(2) All of collection electrodes are sited
on the central region in the pixel.

New Pixel Layout
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Frame Rate Limitation

Front Back
site side

Electron travel time tc from back side to front side (charge
collection site) through distance D is given by

te=] §1/uE(x))dx, (1)

where E(x)is an electric field in a Si bulk, p is electron
mobility in the bulk.
If the electric field E(x)is ideally constant as E=V./'D,

t.=D/uE=D2"nV, 2)

where Vis the potential difference between the back side
and the front side.

t. will be a criterion of the minimum charge collection time
which is roughly the minimum frame interval t..

Practical examples

Case 1. p=1350 [cm?/Vsec],
D=30 [um], V=10 [V]
> ti =6.7x101° (sec) corresponds 1.5 Gfps. be near 1Gfps.

Case 2. D=50 [pum], v=30 [V]
- ti =6.2 x10° (sec) corresponds 1.6 Gfps

|:> Actually, the high speed limitation will




A Proposed Pixel Pattern Layout for 3-Dimentional Simulation
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3-Dimensional Simulation Results for Charge Collection

Y Coordinate (um)

Electron Path

X Coordinate (um)

(a) Potential contours beneath

00 -

Y Coordinate (um)
5.0

surface Path-N

Electron Path
tc=0.90 nsec

50

Z Coordinate (um)

(b) Potential contours in

cross section

Path-N
0.0
10 T
———9p _
Tl
—— 40 R
=
- 50 E
A
I
=
=]
5
=
=]
=]
[
ot
Xmin= 0000 Xr
Ymin= 0000 ¥n
Zmin= 0000 Zn
0.0
1.0 o
-——9p .
T30
——a0 I
- 50
—
£
>
=
i
o]
=
Xmin= 0000 Xmi 5
=]
Ymin= 0000 ¥m:L
)
Zmin= 0.000 Zma

100

5.0

0o -

50

X Coordinate (umj)
5.0

Path-N
— o0 60
10 =70
--=20 —- 80
—=30 -9
-=- 40 === 100
- 50

Electron Path

Y Coordinate (um)}

Xmin= 0.000 Xmax= 10.000
Ymin= 0000 Ymax= 10000
Zmin= 0000 Zmax= 10000

Path-N
- 00 60

10 — 70

-m20 — T80
—T30 TR0
—m 40 --- 100

-t 50

Electron Path

tc=0.94 nsec
Xmin= 0000 Xmax= 10000
Ymin= 0.000 Ymax= 10000
Zmin= 0.000 Zmax= 10000




Summary

- New pixel architecture of the in-pixel multi-collection gates has been
introduced to achieve 1Gfps imaging.
The key technologies are followings.

(1) Plural collection electrodes are composed in a pixel.
It makes possible that the frame rate is determined only by the charge
collection time.

(2) All of collection electrodes are sited on the central region in the pixel.
It can optimize potential profile to gather all photoelectrons quickly,
and heightens the frame rate.

= Simulation results mean that the maximum frame rate can achieve
theoretically to 1Gfps with using the proposed technology.

w | hope that the new image sensor opens out the new imaging world.



Thank you for your attention.



Principle of Heightening an Imaging Speed by The In-Pixel Multi-Gates
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